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Climate change
and long-term fluctuations
of commercial catches

The possibility of forecasting

Temperature anomaly, (degree

Figure 6.2 Cyclic temperature fluctuations and Japanese sardine outbursts for last 400 years by Japanese
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historic chronicles 1640-1880 and for 1920-1998 from fisheries statistics.
(From: FAO. 2001. Climate change and long-term fluctuations of commercial catches: the possibility of forecasting, by L.B.
Klyashtorin. FAO Fisheries Technical Paper No. 410. Rome. 86 pp. Thanks to Gary Sharp for the reference)
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El VlejO and La Vieja
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(Chavez et al. 2003 Science 299:217-221. From Anchovies to Sardines and Back: Multidecadal Change in the Pacific Ocean)



Seeing Patterns but How Do We
Get to Processes?

“Based on these correlations, the case is persuasive that
the changes in atmospheric circulation led to changes in
ocean circulation, which in turn led to changes in the
productivity of fish stocks. ...

However, one feature of the correlations is that there are
often time lags of several years between the physical
changes and the shifts in population biomass. For each
stock, it will be necessary to trace the changes in food
webs induced by the physical environment, and test the

plausibility of the observed time lags.”
(Mann, K.H. & J.R.N. Lazier. 2006, Dynamics of Marine Ecosystems p.439)




Models Definitely Help
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Another Workshop?!
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Changing Oceans and Changing Fisheries:
Environmental Data for Fisheries Research and
Management

Procesdings of o worlsshop held 1813 July, 1686

George W. Boehlert
Jaanes [ Schimeacher

E. ..‘l ¥ ] NOAA TH NMPE ZWESC- 238

%
- U.E DEFARTMENT OF COMMERCE
Wallzaxa Dalsy, Secrwtars
ot ‘hnumll:h::am nnd..r'rl:u.bn"p]:.crlc Arhwinistration
L. Jazsz Haksr, Uoder Zecreissy for Cossns and Atmzcphars
I ‘unn.n]"rIn.aneFL.h-uu Zervice

Pelland A Echmizeen, Azzirtaxt Adzantrtrazer for Fizheris:

* Pacific Grove, CA 16-18 July 1996

* NOAA, NASA, Navy, NSF, Canada, UK,
Academia

* Focus on Information Sharing (We will
do this too.)

* Also, a high priority recommendation
for a “Demonstration of the benefits of
applied environmental data in fisheries”
associated with a call for projects

* This is where this workshop picks up
the ball from 1996 & attempts to run with
it!

- After exchanging information about our
observations, models, & data systems,
we will use the break-out groups to talk
about projects

- Goal: 1-4 draft reports describing
specific, detailed project concepts
for NOAA/NASA to consider and

potentially begin in FY06-07



One Way Forward

Break-out Topics:
1.Potential for Improving Stock
Assessments & Fisheries Models with

Satellite Data
2.Satellite & Model Data Usage & Habitat

Classification
What are the requirements for observations

& models for decision support?

CAUTION: Please Don’ t Forget In Situ Data!

rs &« rro




Workshop Goals & Products

e Goals:

— Document potential for current & proposed satellite
observations & related Earth system models to support
NOAA ecosystem-based management

— ldentify models & assessments in use by NOAA Fisheries
that could be improved by satellite data & related models

— ldentify requirements & gaps & develop strategies to
facilitate the utilization of satellite data & related models for

NOAA Fisheries

* Products:

— Evaluation report for NOAA & NASA identifying potential
projects

— Articles on workshop results



Backup Charts
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NSIPP Version 1 Coupled Forecast: Initialized February 2004
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ECMWEF forecasts 1981-2003

Anomaly correlation of 500hPa height forecasts
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Socioeconomic Data

DARTA ARCHIVES "
and Applications
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NASA Jet Propulsion Space Flight Center Alaska Synthetic National Snow for International NOAA National NOAA Noﬁonnl NOAA Nohonol
Goddard Space I.abom'ory Physlcul Globol Hydrology NA.SA Lnngloy Ap.rhm Radar and Ice Data Oak Ridge National EROS Data Earth Science Climatic Data Data Dalo NOAA Satellite
Flight Center. graphy Center h Center Center Laboratory Information Network Center Active Archive

Upper Anowl\m Gloal Physicol Ocsanography Hydrologicol Cycle

Biosphors, Amosp)
Dymﬁu,cndcmhyuu
MOOEL. COMmMRPOaMEMTSS

National Aeronautics and Space Administration

NSIPP
analysis

analysis

MiTgem
DAO ocean
fvCAM
NSIPP
atmosphere
MiTgem
atmosphere
MOOEL. COUPLINES

Rodoton Byl Tropophoric
homistry, Clovds, ond Arotols

und SAR vaduch

Biogeochemicol Dynamics

Land Processes

Human Interactions
in the Environment

Climote ond Weather

Center

Oceanagrophy  Solid Earth Geophysics, Marine Geology sa.lra. Remole

o Gapphysicy, Sl sl i,
and Paleodimatology

ECCO
ocean
state
estimation

LANL
HYPOP

LANL
POP
ocean

NCEP/
NCAR
WRF

NCEP
analysis

NCEP

atmosphere

o>
GFDL FMS
B-grid
atmosphere GFDL FMS
spectral
atmosphere

® @ Existing Coupling, Migrated to ESMF
ee Coupling Never Before Achieved
Early Adopters of the ESMF



SPECIAL SECTION
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What started out as a way for SETI to plow through its piles of radio-signal data from deep'space has
turned into a powerful research toolas computer users across the globe donate their screen-saver time
to projects as diverse as climate-change prediction, gravitational-wave searches, and protein folding
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A Global Framework?
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A Plethora of Biodiversity Data

I N, -
CONSORTIUM FOR THE BARCODE OF LIFE (‘) N C B I Ge n Ba n k
LA @ Forest Inventory and Analy5|s National Program

_ Species

f IUCN Red List 2 o000

Global Biodivérsity I acullty

World Database on Protected Areas

L I ER The Species Analyst n ‘ n
) Global Mammal Assessment e
- IUCN 'y “ SSC National Ecological Observatory Network

The World Conservation Unio Species Survival Commission

Global

Amphibian Assessment



Agricultural Air Quality Aviation
Efficiency

Coastal Disaster Ecological Energy
Management Management Forecasting Management

: : A - .-',.\-1‘.'«::.-"~.-
Homeland Invasive Species Public Health
Security

Water
Management



NASA Applied Sciences Paradigm

(& Also GEO)

a cience
Models p _
- Oceans r edlctio n Value & benefits to
e \f citizens and society
- Atmosphere Decision
- Ecosystem *High Performanceé Support Policy
o Computing Tools Decisions
© -C.omm.umf:atlon Asgsessments
0 *Visualization I Decision
-Standards & ) Support Management
Earth Interoperability Systems Becision
Observations ghsceuaios
| S?telllte bse"\’a“ons NASA & Research Partners
- Airborne O [ ] partners’ Interface
- in situ Applications Partners
Inputs Outputs Outcomes Impacts




EARTH SYSTEM MODELS
*Ecological Niche (GARP)
*Scalable spatio-temporal models a la
CSU’s NREL
*Regional Ocean Models & Empirical

Atmospheric Models coupled with
ecosystem trophic models

*Ecosystem (ED, CASA)

*Population & Habitat Viability Assessment
(VORTEX, RAMAS GIS)

*Biogeography (MAPSS, BIOME3, DOLY)

*Biogeochemistry (BIOME-BGC,
CENTURY, TEM)

Data

EARTH OBSERVATORIES
[ and cover: MODIS, AVHRR, Landsat,
ASTER, ALI, Hyperion, IKONOS/QuickBird
«Topography/Vegetation Structure: SRTM,
ASTER, IKONOS, LVIS, GLAS, Radars
*Primary Productivity/Phenology: AVHRR,
SeaWiFS, MODIS, Landsat, ASTER, ALI,
Hyperion, IKONOS, QuickBird, AVIRIS
*Atmosphere/Climate: AIRS/AMSU, TRMM
(PR, LIS, TMI), AVHRR, MODIS, MISR,
CERES, QuikScat, AMSR-E, CloudSAT
*Ocean: AVHRR, SeaWiFS, MODIS,
TOPEX/Poseidon, JASON,
*Soils: AMSR-E, AIRSAR

DECISION SUPPORT TOOLS

*SERVIR (Spanish acronym
for Regional Visualization &
Monitoring System) for

. P sustainable environmental
*Species Distributions
Ecosystem Fluxes management
-Ecosystem Productivity *MesoStor Data System

*Population Ecology
*Land Cover Change

Pro
redlcfl-Ons

*Online Mapping
*Decision Support

*Visualization Tools

*Protected Area Management
*Terrestrial Observation &
Prediction System (TOPS)

«Land Cover/Land Use & *NatureServe Vista

Disturbances (e.g., fire) «Fire Information for

*Species Composition
Biomass/Productivity Resource Management

*Phenology . :
*Vegetation Structure LU BT [ k)
*Elevation

-Surface Temperature *Marine Fisheries

*SST, SSH, Circulation, F i
Salinity, & Sea Ice orecasting

<Atmospheric Temp. *Combine physical ocean
*Soil Moisture & ecosystem trophic-level
models to predict how
climatological changes
driven by ENSO & PDO
events will affect regional
fisheries

Ecological Forecasting at NASA

April 4, 2006



NASA satellites track episodic equatorial Pacific blooms that can be of similar
size as the rich Peruvian coastal upwelling system
and therefore must have important ecological consequences

SeaWiFS chlorophyll (mg m™)
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The blooms follow EIl Nifio events and do not seem associated with local processes

Ryan et al., in press, JGR-Biosciences; slide courtesy of MBARI/F. Chavez



NASA models suggest that the blooms may be associated with an El Nifio intensification of the
New Guinea Coastal Undercurrent (NGCUC) that scrapes the continental shelf and increases
the transport of iron into the equatorial Pacific via the Equatorial Undercurrent (EUC)
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Ecological hindcasting of biogeographic responses

to climate change in intertidal ecosystems
Brian Helmuth, David Wethey, Venkat Lakshmi and Jerry Hilbish
University of South Carolina, Columbia

Inputs from multiple R/S platforms are used to generate hindcasts of body temperatures of key
coastal invertebrate species

*Body temperatures, coupled with data on physiological tolerances, are used to forecast and
hindcast shifts in species ranges

*Here, sea surface temperatures (AVHRR 36km) from February 1984 and 1998 show that the
10°C winter isotherm moved from northern Spain to Brittany. The left arrow is the southern limit of
barnacle species in 1985, the right arrow was our prediction for 2003 in our grant proposal.

2005 Field surveys conducted by our group indicate our prediction was correct.



Helicobacterium pylorii Genome from:
http://biocrs.biomed.brown.edu/Books/Chapters/Ch%2038/Pylori-Genome.gif

A Grand Synthesis for the 21st Century



Molecular Data & Hindcasting Life

Whales Before Whaling in the

w
°
. € 600+ & Historical
North Atlantic 3. 0 curent
£
Joe Roman and Stephen R. Palumbi* gaoo-
E 300
It iswell known that hunting dramatically reduced all baleen whale populations, @
yet reliable estimates of former whale abundances are elusive. Based on co- § 200
alescent models for mitochondrial DNA sequence variation, the genetic diver- s 1004
sity of North Atlantic whales suggests population sizes of approximately §.
240,000 humpback, 360,000 fin, and 265,000 minke whales. Estimates for fin a
Humpback Minke

and humpback whales are far greater than those previously calculated for
prewhaling populations and 6 to 20 times higher than present-day population Fig. 1. Genetic estimates and current census
estimates. Such discrepancies suggest the need for a quantitative reevaluation ?‘uzes (g' 2'5'k26) }:0[ N°:h Atl?%tnc humpbacr,
of historical whale populations and a fundamental revision in our conception alpe' ?: ligT\!tngﬁa‘;. ates. Tihe Cofffidence frbervats
of the natural state of the oceans.

Table 1. Historical population estimates based on genetic diversity and generation time of baleen whales in the North Atlantic Ocean. n indicates number of
individuals analyzed in the North Atlantic.

. . Generation (thousands) Genetic population estimates Current estimates
Species n 9 mean (95% CI) time (years) [')(95% Cl) (thousands) (95% Cl) (thousands)
Humpback whale 188 0.0216 (0.0179-0.0274) 12-24 34 (23-57) 240 (156-401) 9.3-121
Fin whale 235 0.0430 (0.0346-0.0526) 25 51(38-65) 360 (249-481) 56.0
Minke whale 87 0.0231(0.0161-0.0324) 17 38 (26-57) 265 (176-415) 149.0
Total 865 (581-1297) 214-217

www sciencemag.org SCIENCE VOL 301 25 JULY 2003 509



Remote Sensing of the Sabbath
(or Remote Sensing of Anthropogenic Sources)
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Five Years from GOME (or
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GOME Data from U of Heidelbere Bierle Atmos. Chem. Phvs. Discuss. 2003



